BACKGROUND AND IMPORTANCE: Congenital clefts and aplasias of the atlas vertebra are rare. A nonfused posterior arch occurs in 4% of the population; in contrast, a nonfused anterior arch occurs in only 0.1%. To the best of our knowledge, this is the first description of the combination of anterior arch aplasia and a cleft of the posterior arch of the atlas associated with Klippel-Feil and Treacher-Collins syndromes and Sprengel deformity. CLINICAL PRESENTATION: An 11-year-old girl presented with neck pain and symptoms of myelopathy, including upper-and lower-extremity paresthesia. Computed tomography revealed significant congenital bony anomalies of the cervical spine, with congenital fusion of C2 through C5. There was aplasia of the anterior ring of C1 (A 2.3-cm gap was present within the anterior aspect of the lateral masses). The posterior elements of C3 and C4 were fused, and signs of Sprengel deformity were present. Magnetic resonance imaging revealed effacement of the ventral cerebrospinal fluid space at the craniocervical junction and mild mass effect at the cervicomedullary junction. Flexion and extension views showed abnormal motion at the craniocervical junction. There was no evidence of atlantoaxial instability, basilar invagination, or Chiari malformation. Occipito-C4-scapular fusion was performed to prevent spinal cord injury and further neurological symptoms. Postoperatively, the patient did extremely well, and her preoperative symptoms resolved. CONCLUSION: We describe a rare case of aplasia of the anterior arch of the atlas and posterior arch midline cleft in association with Treacher-Collins syndrome, Klippel-Feil syndrome, and Sprengel deformity. The patient's atlantoaxial instability was managed surgically with a unique construct that provided occipito-C4-scapular fusion.
T he incidence of congenital malformations associated with the craniovertebral junction is high. 1 However, congenital clefts and aplasias of the atlas vertebra are rare. A nonfused posterior arch occurs in 4% of the population; in contrast, a nonfused anterior arch occurs in only 0.1%. 2, 3 Anterior arch aplasia is an extremely rare condition. 4 To the best of our knowledge, this is the first report of aplasia of the anterior arch of the atlas and a posterior arch midline cleft in association with Treacher-Collins syndrome, KlippelFeil syndrome, and Sprengel deformity. 5, 6 CASE REPORT An 11-year-old girl with Treacher-Collins syndrome, Klippel-Feil syndrome, and Sprengel deformity exhibited cervical instability. She had some neck pain and symptoms of myelopathy. Computed tomography revealed significant congenital bony anomalies of the cervical spine, with congenital fusion of C2 through C5 ( Figure 1A and 1B) . The anterior arch of C1 was aplastic, and a 2.3-cm gap was present within the anterior aspect of the C1 lateral masses ( Figure 1C ). The posterior arch of C1 was fused incompletely. Both the occipital condyles and clivus were hypoplastic.
Magnetic resonance imaging of the cervical spine showed findings compatible with Klippel-Feil and bilateral Sprengel deformities and fusion of the cervical spine to the scapulas bilaterally at about the level of C4. Mass effect was present at the cervicomedullary junction with effacement of the ventral subarachnoid space and increased angulation during flexion, 7 which was demonstrated on dynamic magnetic resonance imaging. The size, configuration, and signal intensity of the cervical spinal cord were normal. Flexion and extension views showed abnormal motion at the craniocervical Figure 2 ). Gradient-echo imaging showed an intact transverse atlantal ligament. Dynamic radiographs showed translational atlantooccipital instability with 6 mm of anterior motion between the occiput and the incompletely formed ring of C1 ( Figure 3 ). There was no evidence of atlantoaxial instability. Occipitocervical fusion was required to prevent spinal cord injury and further neurological symptoms from developing.
After a posterior midline skin incision was made from the inion to C6, the posterior elements of C2 were exposed. A C2 intralaminar-type screw was placed. At the level of C4, the scapulas were fused to the posterior cervical spine. Bilateral screws were placed in an outward trajectory into the scapulas. An appropriately sized skull plate was chosen, and the occiput was connected to the scapular region bilaterally. A piece of rib was used as a structural autograft from the occiput to C4. The rib was tapped into an occipital trough down into the scapular region and wired into place (Figure 4) . Postoperatively, the patient did extremely well, and her preoperative symptoms resolved. Computed tomography obtained 12 months after surgery demonstrated a solid fusion. More than 1 year after her surgery, the patient has continued to do well clinically.
DISCUSSION
The upper cervical spine exhibits many skeletal variants and abnormalities, which reflect its complex embryologic development. Failure in any step of this complex process leads to abnormalities. 8, 9 Posterior arch clefts have been reported in 4% of the population, 97% of which were median clefts. Compared with posterior arch defects, anterior arch defects are rare. Anterior arch defects were present in 0.09% and 0.1% of the population in 2 different studies. In most cases, there were clefts in the anterior arch. 2, 10 To the best of our knowledge, only 1 case of anterior arch aplasia has been reported. 4 The reason for atlantooccipital instability in our patient was most likely related to several features. First, a large amount of stress is translated to the subaxial congenital fusion across the craniovertebral junction. Second, the C0-C1 articular surface is flat and devoid of its usual concave appearance ( Figure 1B) . 11 This morphology is less resistant to protecting against translational movements. Although patients with anterior arch aplasia and a posterior arch cleft (bipartite atlas) would be expected to have atlantoaxial instability, our patient's well-opposed bilateral atlantoaxial joints, combined with the intact transverse atlantal ligament, most likely provided support in this region. During the embryonic period, the scapula develops as a mesenchymal mass at C4 and C5. Normally, it then migrates caudally and assumes its final position at the level of C7. Sprengel deformity is a rare congenital pathological condition typically considered to represent failure of the scapula to descend. It is associated with different degrees of shoulder asymmetry and hypoplasia or atrophy of regional muscles, affecting shoulder motion and function. 12 In patients with significant cosmetic defects and significant restriction of shoulder movements, surgical correction is indicated. 13 Klippel-Feil syndrome is a congenital disorder defined by the classic triad of a low posterior hairline, short neck, and fusion of at least 2 cervical vertebrae that limits the range of motion of the neck. The syndrome is rare with an incidence of 1 in 42 000 births. The true origin of the syndrome is debated. The association of Klippel-Feil syndrome with Sprengel deformity has been reported in 7% to 42% of cases.
Treacher-Collins syndrome is an autosomal dominant disorder with a mutated TCOF1 gene localized at chromosome 5q32-33.1 and characterized by bilateral dysplasia, hypoplasia, or aplasia of structures related to the first and second branchial arches resulting from the failure of neural crest cells to migrate. The syndrome manifests with atresia of the external auditory canals, anomalies of the middle ear ossicles associated with bilateral conductive deafness, hypoplasia of facial bones, antimongoloid slant of the palpebral fissure, and a cleft palate. Intelligence is usually normal. Patients require a multidisciplinary approach to treatment, which focuses primarily on relief of symptoms. 5, 14, 15 
CONCLUSION
Abnormalities of the anterior and posterior arches of the atlas are rare. This case report describes the rare association of aplasia of the anterior arch of the atlas and a midline cleft of the posterior arch of the atlas with Treacher-Collins syndrome, Klippel-Feil syndrome, and Sprengel deformity. The patient's instability was managed surgically with a unique construct that provided occipito-C4-scapular fusion, with an excellent outcome.
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